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ABSTRACT

An experimental investigatioa on the influence of ground in-
homogeneities on the rcception of skywave signals, especially
the influence of the conductivity contrast near a coa.tline.
This gives rise to a repid decrease in field-strength near the
coastline as is weilknown from groundwave mixed-path theory. Com-
parison with theory is given. Influence of diffuse reflection frem
the ionosphere is also considered.
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1. INTRCDUCTICN

Many factors influence the radiation or reception of sky-
wave signals in the shortwave range, and in choosing a proper
site for a HF-antenna it is important to evaluats th ZInfluence
of the various factors. They include the electrical parameters
(the conductivity and the permittivity) of the ground, hills or
cliffs and other irregularities of the shape of the ground sur-
face, and the curvature of the earth. It is necessary to take ip-
to account that the electrical parameters =ay vary along the sur-
face of the ground - this is f.ex. the case at a coastline -, and
also thal they may vary with the depth. This report deals with
the influence of the ground on the reception of skywave signals
at an actual site for a receiver station close to the seashore
at Reerse, Denmark.

Part of the antenna station which will be erected at Reerse
will receive skywave signals from Godthabd in Greenland. In the
day time the ionospheric reflections will take place in the E-
layer and during the night in the PF-layer a two-hop path via the
E-layer and a one-hop path via the F-layer; the geometry is such
that the angle of arrival in both cases is very small, about 4°,
It is well-known that it is difricult to make antennas which
operate well at such small angles due to the absorption in the
ground.

One method of obtaining an imrrovement in the reception at
low angles is to use an extended ground-wire system in the direc-
tion of propagation (or reception) (A.C. dilson; 1961) . Another
method would be to chuvose the antenna site near a coastline in
order to utilize the high conductivity of sca-water wherever it
is possible. However, the antenna would still be situated on a
lossy ground and it would be of interest to know the influence
of the various sections on the radiation pattern. A theoretical

solution to this problem has previously been given (Andersen; 1961)

but due to the idealized conditions,i.e. a straight boundary
line, flat and homogeneous sections, it was considered worthwhile
to measure the field intensity at an actual raception site in or-
der to find tre deviations from the simple theory.

Instead of measuring the vertical. radiation pattern at dif-
ferent distances from the coastline, the field-intensity from a
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distant transmitter was measured simultaneously at two aiffereat
places. In this way the relative fieldstrength could be measured
as a function of the distance from the coastline, and :+ ‘e
effect of the ionosphere could he accounted for.

To make the study as complete as possible the corresponding
curve for the groundwave mixed path was also measured, the trans-
mitter being situated at ground level far from the coastline
over the sez. Finally the attenuation of the groundwave on the
homogeneous ground was measured in order to find the degree of
inhomogeneity of the ground and to estimate the value of the
ground constants.

The effect of diffuse reflection from the ionosphere and the
effect of the curvature of the earth is also mentioned.
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2. The(RY FOR A TWO SECTION GROUND

In Technical '"ote No. 2 . solution was given to the radiation
field from a vertical dipole near a discontinuity in surface im-
pedance, and special attention was given to the case w.ere one
section w.s infinitely conducting. Later externtions have been
given to two and three arbitrary sections. The result for a two
section ground is given here for reference, A(¢,r°) is the ra-
diation pattern for a vertica) dipole placed on section 1 ai a
distance r, from section 2, and ¢ is the angle of elevation.

K
14r(Y) i(u,~uq) | yss ix
v . 2’ {Yac Y2 7
A= —s cosd + o | (3= - F(t,)) -
ity
__Efg—-___ (1-6(p,)) (1)
(e+i) yp,
t, = k ro(l-coslb (x = wavenumber)
P, = 5 kr, ui(l-u%) (numerical distance to houndary)
Fot) o et ( )
N = —== dt Presnel integral
© . Yot &
) ~Pg —
G(p,) = 1+ iyTp, e erfe(-iVp ) (Scmmerfeld's attenuation

function)

Rv is the Fresnel reflection coefficient for vertical polarisa-
tion.
#hen medium 2 is perfectly conducting, u, = 0 and R§2)= 1 and
Tl it
1+R N7 1%,
Y cos - D26 ¥2 78 gy )) o —e (1-6(p,))  (2)
2 c+i)Vnpo
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Graphs of this function are given in Technical Note No. 2.
In this particular case the solution is valid also for the
groundwave mixed-path where it reduces to

a= 22— (1-6(p,)) (3)
Inp
o

This result is identical to that obtained by other authors

(P.C. Clemmow, 1953; E.L. Peinberg, 1959).
From the numerical calculations in Technical Note No. 2 1t

is seen that for small angles of ¢ tne rate of decay of the field

away from the boundary is nearly the same for the groundwave (3)
and the skywave (2). This relationship is true approximately up

to the end of the first Fresnelzone. One of the reasons for under-

taking this study was to verify this connection tetween the sky-
wave and the groundwave for an actual irregular ground.
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Z. THE INVESTIGATED TERRAIN

The terrain under investigation is situated at Reerse at
the Viestcoast of Zealand. The horizontal profiles of the paths
are shown on fig. 4 and 2 respectively for the skywave and the
groundwave measurement. Unfortunately, the two paths could not
be made the same. The paths are nearly perpendicular to the coast-
lire. Both for the skywave path and the groundwave path there is
a section of marshy ground extending from 20 to 50 meters from
the coastlinre; this section has a very high conductivity
(s ~ 10”1 mho/m).

From 90 to 150 meters from the coastline there is a field
with caraway seed, representing a very low conductivity. For the
groundwave mixed path there is a small hill about 100 meters
from the coastline.

It is seen that a full theoretical description should take
into account the three or four different sections of ground in-
cluding the variations of the profile and the different layers in
the vertical direction of which nothing is known. Only the two-
section problem, the sea-land case, is traated here theoretical-
ly.

In order to investigate in more detail the properties of the
ground two grotndwave measurements were made. The results are
given in fig. 1. The independent variable is the distance from
the transmitter which is placed 420 m from the coastline and the
ordinate is the fieldstrength in a db-scale. The most marked
features of the curves are the great attenuwation of the caraway
field and the recovery effect following it; this recovery effect
is reinforced by the marshy ground close to the coast. The 15 Mc/s
curve is smoother than the 25 Me/s curve and a small recovery ef-
fect about 60 m from the transmitter seems to indicate a better
soil. This is in agreement with an inspection of the ground.
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4. GEROUNDWAVE MIXED-PATH MEASUREMENT

A small transmitter (f = 25,218 Mc/s) was erected at Funen
about 20 km from Reerse over the water in a direction slmost per-
pendicular to the coastline, Though there was some attenuation
of the groundwave over the water this has a minor influence on
the groundwave mixed-path attenuation curve as measured on land;
the situation is approximatively that of an incoming plane wave
over a plane perfect conductor meeting a conductivity contrast
when due corrections are made for the inverse distance dependance,

The result of the measurement is shown in fig. 2 where the
points denote the measured fieldstrength in comparison with the
theoretical curve for a groundwave transmission from a perfectly
conducting ground to a lossy ground with ground constants e = 10
and « = 2-10’3 mho/m when the transmitter is infinitely far away.
According to the theory a rapid decrease in fieldstrength should
take place right after the coastline, the so-called "converse"
effect. This is seen to be true for the first two points but then
a sharp increase follows when the high conductivity soil is en-~

. tered. The small hill seems also to have some effect on the re-
ceived fieldstrength but the unknown vertical distribution of dif-
ferent layers in the ground may be the true cause for the rapid
variation. 150 m from the coastline the ground is homogeneous and
the correlation between experiment and theory seems to be good.
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5. SKYWAVE MEASUREMENT

The experimental set-up consisted of two identical récéivers
with identical dipole antennas and two separate recording unite.
The receivers wers high-quality communication receivers. The- two
sets were separated 100-4C0 meters in different distancés from
the coastline. The skywave signal from a transmitter at Godth&b,
Greenland, sending at a frequency of 14,447 Mc/s was récorded si-
multaneously at the two recsiving places. Because only thé réla-
tive mean fieldstrength was desired no absolute value was found.
By calibrating the two sets to a common logarithmic scale the
mean difference between the signals at the two different places
was easily found. One day's recordings were in general sufficient
to provide a reliable measure. The rapidly varying component was
somewhat suppressed by applying a time constant of thevéfdér a
few seconds and the slowly varying components at the two anténnas
were highly correlated, because the ouptical path is néarly the
same. The distributions of the signal have not been studied as
only the mean value is of interest here.

-An example of the recordings is shown in fig. 3. The, ipper
curve is for the receiver set close to thé coast (r = 72 i) and
the lower curve is for the receiver far from the coast (r = 420 m).
The mean difference between the two signals is 7.6 db. Thé re-
sults for other positions of the antennas are shown in fig. 4 as
points together with a suggested curve connecting the points.

Two theoretizal curves are shown for two différent conductivities,
52102 mho/m and o =2.10”> mho/m, of which the latter should be
typical according to the results from the groundwave measurement.
It is seen that there is not such a good agreement in the sky-
wave ~ase as in the groundwave case though the general form. of
the curve is ccerrect. N

The rapid fall in the beginning is present, but the high
conductivity section gives an increase in fieldstrength which
displaces the curve in the vertical direction. This is similar
to the recovery - effect known from groundwave mixed-path théory.
Purthermore it is suggested that the caraway field gives a similar
attenuation of the skywave as it does to the groundwavé. Due to
the inhomogeneous ground there is a discrepancy between theory
and experiment, but the form of the curve can be explained by

AT 0 R A By FAS AR S a L

LI e weeny

LA NI
s fut il A

et

i
s

353 A8 e

g

©

o3 WEE W L A oL ey o5

EA IR S Ld

oy
-




550 2 ihutran AT, b At S0ne, . > Byt s

- 10 -

AN Ty Ak = am F

applying the mixed-path concepts known from groundwave theory
together with the theory developed in Technical Note No. 2. If

the ground hed been homogeneous a loss of 13 db could have beén
expected 40C m from the coast and even mére further away, instéad
of the 8 db measured. Apart from the influence of the inhémogefieous
sections three more reasons could be given to explain some of thé
discrepaency. These are the finite conductivity of the sea, the
diffuse reflection from the ionosphere and the curvature of the
earth.

e e

prosppearvy

gy

5.1, Finite conductivity of the gea.

By applying formula 1 instead of formula 2 the finite con=
ductivity of the sea would be accounted for. A mere rough estimate
is found by simply finding the magnitude of the prorer féflectib@-
coefficient for the sea and daisplacs the asymptotic value (r°- ©)
by en amount equal to

¥
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1+R,
AA = 20 log - db

because 0 db is referred to as the field intensity at the dea
(rig. 4).
For the case of $= 4%, € = 80 and ¢ = 4 mho/m

TIFS -5:‘5 "’77"\?{"'1’:«"77“""*1‘" 3

a4 = 1.2 db,

e

5.2. Diffuse reflection from the ionosphere.

It is generally believed that the vertical reception pattern
and the vertical radiation pattern for an antenna are identical.
When dealing with ionospheric propagation it must be remembered
that the wave reflected from the ionosphere is not a plane wave
but a wave distribuced around some preferred direction due to the
diffuse reflection from the ionosphere. Thus a sharp zéro in the
radiation pattern would be filled with power coming from neighbour-
ing angles and the effective reception pattern would not have a
zero. For further references see Bramley (1951) and Pagée and Mon-
teath (1955).

The effect is treated here, too, because diffuse reflection
will diminish the coastline effect presented in this paper. Power
will enter under elevation angles greater than 4° and the coast-
line effect is less pronounced foi higher angles.
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1f P(Y) iy the angular distribution of incoming power di-
stributed around some preferred direction ¢ j and 4(d) 18 the
vertical radiation pattern {power) thén an effective reception
pattern can be defined as

T

H
R, (¢,) =I R(¢)-A(b)aY .
o

A usual assumption .s that tie power distribution is normal

P(d) = To o (2 total power)
Vang, °

'b = q’o + 9 .
6, is the standard deviation of the distribution.
It can easily be showm that if
) = N T 2, .
A(‘l") = A(q’o) [l+a1°+82° 'fc.o]
then

B,) = PO-A(¢O)~[1+a20§+higher order terms] .

14R
Assuming A(d) = (-E—I coé¢)2, the radiation pattern for a
vertical dipole over lossy ground, then

-2
cos¢° 2coa¢u cot¢°~ 3ain¢° 2¢08%¢

ay = (cotd ~tgdh - Inb_+u - [4+ sind +u - (sind+u)? °°

Thus the influence of the qiffuseness of the ionosphere is
different for an antenna on the sea (u=0) and on the grocund {uf0).
The efrect turns out to be small though as cun be seen from table
1. B is the ratio

(1 + a09),0
2
a+ aaoo)u¥0
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measured in db, ¢ =4°, o =2¢10"2, €=10, £=15 MiHz.
[o]

(o] [+ 0, (4] o o}
Q@ 1° 20 3 4 5
Bdb 0.1 0.4 0.8 1.3 1.9

Oo could be computed if the distribution of the différence
between the signals arriving at the spaced antennas was -kiown
(Bramley, 1931). This has not been done here., Bramley reports O
around 1-2° for vertical inciderce first order reflections and-
Page and Monteath report 9 of the order 10° for a. lower frequency.
Some observations have alao beén made on second ordér reflections.
These show much wider angular distributions; and. indicate that
the intermediate ground réflection may give risé-to a greater
spread in the direction of arrival thah that produced by the ionos-
phere.

For such a low angle of arrival &s us2d here (¥ = 4°) theé. ai-
stribution of the power is probably somewhat skéw so mo¥e-] ¥
is councentrated at higher angles; this effect would also- increase
B.

5.3. Effect of curvature of earth.

for small angles of arrival the plane earth assumption is no
longer valid. The field pattern based on Fresnel reflection .coéf-
ficient has a zero for ¢ =0, but the solution for a curved loasy
surface has a finite value. Numerical results covering all prac-
tical cases have been given by Wwait and Conda (1958) and the mixed-
path over sphericel earth has also been treated by Wait (1960).

In our case $=4° and it turns out that for f = 15 Mc/s the
curvature of the earth can be neglected. The geométrical optics
approximation is valid and the result for the curved earth is. the
pame as for a plane earth, Ford»<:%° Wait's results should be ap-
plied.
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6. CONCLUSION

The skywave fieldstrength from a distant transmitier has been
measured near a coastline in order to find the rate of stténuation
when passing from a well conducting (perfectly conducting): medium
to a lossy medium, For small angles of arrival much power is lost
in the ground so it is important to know how close to thé coast
one should be in order to utilize the well conducting sea-water.
Previous theoretical work suggested that when the coestline was
in the first Fresnel zone in relation to the receivér, the rate
of decay of the groundwave and the skywave were nearly the same.
This has partly been verified here and suggests that a mixéd-path
groundwave measurement should give valuable information about the
ground, when a specific ground has to be évaluatéd for HF:=trans-
mitting or receiving purposes.

For the ground studiéd here it turné out that thérée is-gome
disagreement with simple two-médium theory dué to inhomogéneitiés
of the ground. A weil conducting section nea# the coastliné has
the effect of displacing the "efféctivée® coagtline, the fields
strength does not decay as rapidly as exXpectéd; but the -éffect
is the same on the groundwave and the skywavé. Thé ground: ¢oh-
sists of several sections of different conduétivities and they
give rise to recovery effects and converse-éffects. Thesé con-
cepts are easily extended to the skywave in order to explain the
deviations from theory in a gualitative manner.

It is shown that the effects of finite conductivity of -the
sea, diffuse reflection from the ionosphere and curvature of the
earth are of minor importance. The first two may give risé té a
decrease in the here mentioned coastline effect by a total amount
of 3 ib.

ORI

137 £ Mav SRR N DRSS W




- 14 -
7. ACKNOWLEDGMENT

The experimental part of this study was supported by theé
Danish Post and Telegraphs Administration which also f&@ﬁiﬁhéa
the aathor with the necessary experimental apparatus as well as
instructions and help in how to use it. For this the aithor wishés
to express his gratitude.

RS Dal

MG

coroid s bt e

A%
b
Z
g
&
b
4
g
x
P
s
E-d
¥
34
<
P4
#
=
p2
¥
£
%
X
=z
14
A
5
2
g
3
.
E
8
i
B
4
d
3
H
]
3
I
5
A
<
A
hes
¢
i
-
*
4
:

YT i

é
é‘
§




- 15 -
8. REFERENCES

Andersen, J. Bach: "The skywave f£iéld from a vertical dipolé over
an  inhomogeneous, flat earth consisting of two media"., Téchnical
Note No. 2. Partly published in Proceédings of Sympos‘um.on Eléc-
tromagnetic Theory and AnténnaZ, Copenhagén, June 1962,

Bramley, E.N.: “"Diversity effects in spaced-aerial receéption of
ionospheric waves". Proceedings I.E.E, No, 1062 R (January 1951).
(98, Part III, p. 19).

Clenmow, P.C.: "Radio propagation over a flat earth across a
boundary sSeparating two different medie". Trans. Roy. Soc. (Lon~
don). 246,1(1953).

Feinberg, E.L.: "Propagation of radin waves nlong an inhomogéneocus
surface", Nuovo Cimento Supplémento, Vol. 11, Sérié‘x~(19§9)sx
Page, H. and G.D. hontéath: "The vertical radiation -pattérns-of
medium-wave broadcadting aérials". Procéedings I.E.E., Vol. 102;
part B, No. 3 (May 1955).

Wait, J.R. and A.k. Conda: "Pattérn of an anténna on a curvéd Iossy

surface", I.R.E, Trans., AP-6, No. 4 (0¢t., 1958),

Wait, J.R.: "On the theory of mixed-path ground<wave propagation.
over a spherical earth", Nat. Bur., of Standards Réport 6771,
(Dec. 1960).

Wilson, A.C.: "Measurements of low-angle radiation from a mono=
pole", Journal of Res., N.B.S., Vol. 65, No. 6 (Nov.-Dec: 1961).

rnanty

Aremdve R o A WL .
o L R AT S, N

20

A T ey et
S R R Yo Yop Y

i v
wod raMas, v

&y
& b, gas N gas nf

a
2.

e




D R T R L T

T e

25.218 Mo/s

s .

et ’
cten b - N
WA U § N e aofe e 8 K ok

A

PIG.1 Croundvave field-
strength.over land

£ = 15.663 Mo/s

s

i il
100 200 300 4%0m
distance froa transaftter - o}

SIS A MR R A

2 ders

-




s v ma ..

T o IR e ar S AP —

SRR e AEAL M BAS T AT A e ST S Y Furent Sk $E% PqIER 7T oo vewghtas

DT e 26T

S/o|l gI2°6Z = 3

W/OUE . 01T =H ¢ Ol = 3 ¢ sAINO TwOTIAIONYL—-
£338ueiuUT PIOTS PAINSWIN o
puey-~-93s ¢ yywd-paxym sAmApuUROIY

o

—
L =

e

qawd Jo sTtyoxg

e
€=
b A

-

e T .




S O RV AR £ A e IR

b~ atatr s etede

2 ey Ty AT A STEN e S5

A T TR

(eaxno xeddn) W zL =

e L RS T R

YT P N T
- .

A O e T S AT TR .avx%. o

“*QUTT$8WO0 ‘WOX] ?r.:.o -XONOT) °m OZ¥ = %2 pue
.u X0 SFUTPI00OX .SNCOUSI NS *sFuTpIovex Jo edwexy

R AT o Ty i

fe = & oo - <«

5o dae.

T

T A N Y LT R T N A T i R

BN R B

A S ERAMTTON W HREL I A £ WA NI T

3 L AFD
=
v <3
o | 24 14
wllalulol. =ge - sme
biote i o o -
B
o
|
== = 076
= ert
— t !
h— ~+ X
: mn [4d 34
$ A M X4
v 0T 1%
-” : P\ t/ce
R [ AN A s R 5 o AN O S A A S AN AT M i S NN 87 et Sk

e




! % R
et ., - e

AR TR P AR S AT

aupraseo0 woig sowwysIp

(012 =0 ‘O1= 3

204 =0 ‘ot T

THH LYPYL = 3 Yoy = A

S8AIND TeOTINXONYY —
s3urod el FUTIOMUOD BAIND pesseddng
£yyeuejut pPLaT3. pexnssey

SUTISEOD B IVAU JuUsEOINSEIN savalyg

N v S = B S S

qIvg JO T¥FONg

+

-

ci-

nL=

qp
uQ

"y

A ) ka3 Ry U



2 RRET AN S AN PR b7 s

v edioicevifo ot

[T Cey

STYJ °9UT[38B0O0 B JBIU '38BIqUOT KL3TA
-790UPUOD OYJ YO IouSNTIUT dyq Arrerosdse
‘sTeul@Te aarmlis Jo woygdsosx ay} uo
8aTgTouadomoyut punoid Jo 3duUINTIUT YL
W UOTILITISIAUT TejuamiIadxe uy IovaLcay

yxewuaq ‘usfeyuodony L4TSIBATUN TPOTUYOA]
oyl ‘Axoayy 9T3ouTBWOXLOSTT JO Lx03BX0QBT
*saTTT ¥ pue saflded qT

. 296T xoquegdag

UISIIPUY yoBsg °*p ‘IXIT

~L3V00 ¥V ¥VAN STVNDHIS FAVSINS J0 NOILJI{HY
¢ *oN jroday TROTUYOSY

miATag ‘erossnag

¢3077330 ueasdoany ‘pusumo) jusmcorarad

puB yoIeasay ITV¥ ¢sorlod TV S3381C DIjIun
€06-(260)T9 dV °*ON 308I3TO0D

*ON VIZISY

STYUL °*OUTTISBOO B IBaU 36BI3UCO L3TA
~T30MpUOD 8Yg JO IoUSNTIUT Yy ATTeToadsd
‘gTeudTe -9aBMANS JO U0T$ds03x ayz uo
goT3ToUafoWOYUT pPuUNoIF JO SOUINTIUT UL
uo uoT1BEITESaAUT TBjusmiIadxs uy :IOVHISIY
sxeuuaq ‘uafsyuadol L3TSILATUN TBOTUYDRT
ayy ‘Axosyyl 2735UFBWOIIOITT FO AXOFBIOQET
*anTTT v pue safed g7

296T xoquagdas

uesIapuY yoed £ ‘ANIT

-ISY0D ¥ ¥VAN STVNOIS TAVAXIS J0 HOIL4ICIY
¢ *oN jxoday TeOTUYOSY

untdreg ‘syassunag

49017730 uweedoang ¢puvumo) juswdoTaaA(q

pue yoxeasay XTIV ‘odxod ITV 823B3S PIITUN
€06~(260)T9 AV °ON 30BI3UWOD

‘ON VIISY

e W S m o imnwe e aarn e aae . R TSm S e L Su A e Smmem & 4

Vemr a e

SIYL °*SUTT3SL0D B JBAU 3SBIjuU00 L3TA
~T90NPUOD dYF JO IOUIMTIUT oYy LAT{eT0adss
‘égTeudTEe 2ABMAYS JO UW0T3da9osX ayz uo

89T TOUSFOWOYUT PUNOIZ JO IODUSNTIUT aYL
w0 uoT4BITE9AUT TejuautIadxd uv¥ :IOVYISEY

Yaeuusq ‘uafeyquadop A3 TSISATUN TEOTUYDI]
ayy ‘£xosyl oTasudemWOI}dITT JO LX038IOQBT
*gufTT ¥ pus safed ¢T

2961 aaquazdag

. uasxspuy yosg °f ‘ENIT

-ISY0D V ¥VEN STYNHIS FAVARAI 0 NOILIIDEY
¢ *oN 3xoday TBOTUUDI]

mt3rag ‘stossnag

¢30T330 uvedoxng *pusmmop juswmdoiaaad

puw YoIBasay LTIV ¢90X04 ITY 893€31S pPajTU
€06-(260)T9 4V °ON 39BI3UOD

“ON VISV

STYL °oUTT}SLBO0O B JESU 368BILUOD L3714
~T30NPUOD dYg JO doUdINTIUT msw ATTBTO9USd
fgTeudte oaemiys JO uorzdadag ayj uo

8973 ToUSFOWOUUT PUNOIF JO SOUMTIUT 3YL
uo uoT}EFTIE9AUT [BRUswWEILAXS UV :LOVHLCHV

yaewusd ‘usFeyuadop L3TSIBATUN TBOTUYOIL
ayy ‘ALxoayl oT3oudBWOXIOSTI FO £X038I0Q%T
*snirt ¥ pue saFed 1

296T Xoquagdag

. ussxapuy uosd °p ‘ENIT

~ISY0D V HVEAN STYNHIS FAVAXIS J0 NOILJACHH
¢ *oN 3xoday TBOTUYDAL

T8 Ted ‘sTossnag

¢90T130 ueedoang ‘pusummo) juamdorsrag

pus yoxeosay ITV ‘o0d04 ITV £8%483S pajtul
€06-(260)19 dV °ON 30BIJUOD

*ON VIISY

PO

P8 e T E s PIERN

L




e e e g o Gam bog th » Amahe > & eids % AL s e hpasd A7 A& RSN e A p o1y $ 00 AW 052G e

T e RAr Bain Y

R D T Tt e IR S A Y S P
¥ - v .
~era Y 3

Awlie FORPP

*PaXaPTEUOD 08TB ST
3xoudsouUoOT Y3 WOIF UOTIO9TISI 98MIFTP JO
2oUBANTFUI *UATE 8T Lxoaysz urtM uostIBdWOD
*£x09Y3 y3Bd-poxXTW IABMPUNOIT WOXT.UMOUX
~-TTo4 ST 88 2UTIT38B00 3y} IBIU Y3FUaxge
-PT2TF UT 95BaXoap prdex 2 01 asSTI ©9ATT

|
|
I
|
_ *pPOI9PISUOD OSTE® ST
! 2xaydsouoT oYz UIIJF UOTIOSTFIX 9snNIITP JO
sousnTIUI *UsATd st Lx0ay3 Y3 tM uostaedmop
*£x09y} Y3ed-poXTW 2ABMPUNOIT WOXT UMOUN
-TToM ST SR JUTTESB0D 3y} JIBAU Yq3uaxss
-pToII UT oseaxoap prdex B 04 981X GIATH

L 3T aherie L

IR

*pPaJapTeEUOd OSTE ST

axoydsouoT aY3 WOXF UOTIO9TFOX asnIITP JO

aouanTIUI *uaA1? sT Lx03u3 Y3TM uostxedun)

*£x09y] yged-poxIm sAeMpumoxd woaz umouy

~-TT94 ST B SUTI36BOD 3y} JIE3U YjJFuaizs
-PTATI UT 98Bax0ap prdea ® 04 9STI S9A1S :

*pP3I2PTSUOD 08T ST

axaydsouot sy} WOXF UOTPOITISX 3SNIITP JO
oousnTIUI *UsATS ST LI0ayl Y4 IM uostaedwmop
*Ax03Y3 yjed-paxtu 3ABMPUNOIZ WCIF UMOUN
~TT9M ST 8T OUTT}SBOO 3y} JIBIYW YjIuaxyse
~pToTJ UT o5BaI0ap prded B 03 ISTI 83ATT

<o o IR R . . R




